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For example, a "cold cup" (such as those in which cold 
soft drinks are dispensed at fast food restaurants) is made by 
cutting an appropriate blank from a sheet, rolling the blank 
into the shape of a cup, and adhering the ends of the rolled 
blank using conventional water-based glue, A disc is placed 
at the bottom of the cup, and the bottom of the rolled wall 
portion is crimped in order to hold the bottom of the cup in 
place The rim of the cup is curled to strengthen the rim and 
create a smoother drinking surface. Sheets having a thick- 
ness of 0.3 mm can be used to make the cup. 

A "clam shell" container (such as those presently used in 
the fast food industry to package hamburgers) is made by 
cutting an appropriate blank from a sheet, score cutting the 
blank to form the desired fold lines, folding the blank into 
the shape of a clam shell container, and adhering or inter- 
locking the ends of the folded blank to preserve the integrity 
of the container. Sheets having a thickness of 0.4 mm can be 
used to make the clam shell container. 

Afrench fry container (such as those used to serve cooked 
french fries in the fast food industry) is made by cutting an 
appropriate blank from a sheet, score cutting the blank to 
form the desired fold lines, folding the blank into the shape 
of a french fry container, and adhering the ends of the folded 
blank using an adhesive to preserve the integrity of the 
container. Sheets having a thickness of 0.4 mm can be used 
to make the french fry container. 

A frozen food box (such as those used by supermarkets to 
package frozen foods) is made by cutting an appropriate 
blank from a sheet, score cutting the blank to form the x 
desired fold lines, folding the blank into the shape of a 
frozen food box, and adhering the ends of the folded blank 
using an adhesive to preserve the integrity of the box. Sheets 
having a thickness of 0.5 mm can be used to make the frozen 
food boxes. 35 

Acold cereal box is made by cutting an appropriate blank 
from a 03 mm thick sheet, score cutting the blank to form 
the desired fold lines, folding the blank into the shape of a 
cold cereal box, and adhering the ends of the folded blank 
using an adhesive to preserve the integrity of the cereal box. 40 

A drinking straw is made by rolling a piece of a 0.25 mm 
sheet into the form of a straw and adhering the ends together. 
In making the straw, as in making each of the containers set 
forth above, it is advantageous to control the moisture 
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Example 54 

Cold cups made according to Example 47 are coated with 
an acrylic coating using a fine spraying nozzle. Similar to the 
wax in Example 53, the layer of acrylic coating completely 
seals the surface of the cup to moisture and renders it 
watertight. The acrylic coating has the added advantage that 
it is not as visible as the wax coating. Because a thinner 
acrylic coating is possible, the cup looks almost as if it is 
uncoated. The glossiness of the cup can be controlled by 
using different types of acrylic coatings. 



Examples 55 and 56 

Clam shell containers made according to Example 48 are 
alternatively coated with the same coating materials used to 
coat the cold cups in Examples 53 and 54. The results are 
substantially identical to those achieved with the coated 
cups. 
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Example 


Coating Material 


55 


wax 


56 


acrylic 



Examples 57 

Sheets of varying thickness between 0.25 mm and 0.5 mm 
are formed according to the processes of Examples 1-46. 
Dry sheets of each thickness are cut into circular shapes and 
formed into disposable plates using a commercial mechani- 
cal press fitted with a progressive die used to make such 
plates out of paper stock. The formed plates are substantially 
similar in shape, strength, and appearance compared to 
conventional paper plates. However, the plates made from 
starch-bound sheets are more rigid than conventional paper 
plates and, hence, possess more structural integrity when 
food is placed on or within the plates. 

Example 58 

Starch-bound sheets using any of the mix designs set forth 
above are used to manufacture printed reading materials, 



tortn aDove, it is aavaniagcuua iu wuuwi ^ ^™ — sucn as magazines or brochures. Such magazines and bro- 

content of the sheet in order to maintain the highest level of 45 cbures contain both thinner, more flexible sheets, as well as 

flexibility of the sheet. The higher level of flexibility mini- *u;~t~~ i-« *w;ku *wtc 1 
mizes splitting and tearing of the sheet. 

The containers so made are set forth as follows, including 
the thickness of the sheet used to make each container 
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thicker, less flexible sheets. The tbinner, more flexible sheets 
have a thickness of about 0.025-0.05 mm, while the thicker, 
less flexible sheets have a thickness of about 0.1-0.2 mm. 



Example 


Container 


Sheet Thickness 


47 


cold cup 


03 mm 


48 


clam shell 


0.4 mm 


49 


french fry container 


0.4 mm 


50 


frozen food box 


0.5 mm 


51 


cold cereal box 


03 mm 


52 


drinking straw 


0,25 mm 



Example 53 

Cold cups made according to Example 47 are passed 
through a commercial wax coating machine, whereby a 
uniform layer of wax is applied to the surface. The layer of 
wax completely seals the surface of the cup to moisture and 
renders it watertight. 



Example 59 

Using any of the compositions in the foregoing examples, 
corrugated sheets containing a fluted inner structure sand- 
wiched between two flat sheets are formed. Hie flat outer 

55 sheets are formed by rolling the material into a flat sheet of 
the appropriate thickness. The corrugated, or fluted inner 
sheet (which is similar to the fluted or corrugated inner sheet 
of an ordinary cardboard box) is formed by passing either a 
hardened or remoistened flat starch-bound sheet of the 

60 appropriate thickness through a pair of rollers with inter- 
meshing corrugated ^surfaces or teeth. 

Glue is applied to the surfaces of the corrugated sheet, 
which is then sandwiched between two flat sheets and 
allowed to harden. The corrugated/sandwich sheet construc- 

65 tion has superior properties of strength, toughness, and 
rigidity compared to conventional corrugated cardboard 
sheets. 
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Examples 60-68 

Any of the mix designs set forth in Examples 1-59 may 
be altered by replacing some or all of the Methocel with one 
or more other cellulosic ethers as follows: 
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Starch Derivative 



Example 



Cellulosic Ether 



90 
91 
92 



locust bean gum 
gUifn karsya 



okra derivatives 
tragacanth gum 



60 hydioxymethylcelluloBe 

61 methylhydroxyethyicellulose 

62 hydioxymethylethylcellulose 

63 carboxymethylcellulose 

64 other methylcelluloses 

65 ethylcellulose 

66 ' hydroxy ethylcellulose 

67 hydroxy ethylpropylcellulose 
63 hydroxypropylcellulose 
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Examples 93-96 

Any of the mix designs set forth in Examples 1-59 may 
be altered by replacing some or all of the Methocel with one 
15 or more protein-derived materials as follows: 



Example 



Starch Derivative 



Examples 69-79 20 

Any of the mix designs set forth in Examples 1-59 may 
be altered by replacing some or all of the Methocel with one 
or more cellulose esters as follows: 
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Example 


Cellulose Ester 


69 


cellulose formate 


70 


cellulose acetate 


71 


cellulose diacetate 


72 


cellulose propionate 


73 


cellulose dipropionate 


74 


cellulose butyrate 


75 


cellulose dibutyrate 


76 


cellulose valerate 


77 


esters of fatty adds and cellulose 


78 


cellulose sulfonate 


79 


cellulose benzoate 
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Examples 97-108 

Any of the mix designs set forth in Examples 1-59 may 
be altered by replacing some or all of the Methocel with one 
or more synthetic organic polymers as follows: 



Examples 80-82 

Any of the mix designs set forth in Examples 1-59 may 
be altered by replacing some or all of the Methocel with one 
or more starch derivatives as follows: 
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Starch Derivative 


97 


polyacrylic acid 


98 


polyvinyl alcohol 


99 


polyvinyl pyrrolidone 


100 


polyvinyl methacrylate 


101 


polymethacrylunide 


102 


polyethylene glycol 


103 


polypropylene glycol n-propyl ether 


104 


polyvinyl acetate 


105 


ethylene oxide polymers 


106 


polylactic add 


107 


water-dispersible latexes 


108 


polyacrylimide 
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Starch Derivative 


80 


esterified starch 


81 


etherified starch 


82 


cross-linked starch 



Examples 83-92 

Any of the mix designs set forth in Examples 1-59 may 
be altered by replacing some or all of the Methocel with one 
or more polysaccharide gums as follows: 
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83 
84 
85 
86 
87 



Starch Derivative 

guar gum 
alginic acid 
phycocolloids 
agar 

gum arabic 



VI. SUMMARY 
From the foregoing, it will be appreciated that the present 
invention provides compositions and methods for manufac- 
turing low cost, environmentally friendly sheets and films 
which have properties similar to paper, paperboard, 
polystyrene, plastic, or metal sheets. 

In addition, the present invention provides compositions 
and methods for manufacturing sheets and films that can be 
formed into a variety of containers or other articles using 
existing manufacturing equipment and techniques presently 
used to form articles from paper, paperboard, polystyrene, 
plastic, or metal sheets. 
Further, the present invention provides compositions and 
60 methods for manufacturing environmentally friendly sheets 
and films that can be formed from moldable compositions 
which contain only a fraction of the water contained in 
typically slurries used to make conventional paper and 
which do not require extensive dewatering during the sheet 
forming process. 

In addition, the present invention provides sheets and 
films, as well as containers and other articles made 
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merefrom, that a* readily bic^ 

able into substance naturally found in the earth. » s 2ta^^^eten^e from one set of 

Moreover, the present invention provides compositions ^ a flext ^ of rolleis 

and methods which allow for the manufacture of sheets, 4 A method ^ defined m claim i, wherein steps (b) and 

films, containers and other articles therefrom at a cost that is are performed by a single set of rollers, 

comparable to or even lower than the cost of existing 5 A method ^ defined in claim 1, wherein the auxiliary 

methods for manufacturing paper, plastics, or metal prod- wa ter-dispersible organic polymer has a thermal precipita- 

uctSt tion temperature and wherein the forming rollers of step (b) 

Specifically, the present invention reduces the energy have a temperature that is at least as high as the thermal 

requirements andlnitial capital investment cost for making P^^lSTSSid • claim 5 wherein me starch 

p^duct^aviog the desirable charactensUcs found m paper, ^™£J LtoTrl the form- 

plastics, or metals. *\ roUeK utflized m ^ (b) have a temperature that is 

The present invention further provides compositions ana fo * ^ ^ ^ ktion temperature of the starch granules, 

methods which allow for the inclusion of relatively tagn 15 ? A method ^ defined in claim 5, wherein the starch 

amounts of starch within sheets and films while overcoming nave a gelation temperature and wherein the form- 

the problems associated its adhesion of starch, particularly r roUers of ^ ( b ) have a temperature such that at least 

gelatinized starch, to the molding or sheet forming appara- a portion 0 f the starch granules within the moldable mixture 

tus become at least partially gektinized.. 

Further, the present invention provides compositions and ^ 8. A method as defined in claim 1, wherein the starch 

rinauy, w pi«^ * . V - < lv fillea <^ e ets 25 granules have a concentration m a range from about IStilo 

"» * ^ — 111 the 

moldability, and ^^^i^St£ - * daim te ^ 

matenals havmg a high content of inorganic filler l & fa a range ^ about 30% to 

The present invention may be embodied m other speanc *^ ^ ffl me starcn . base d 
forms without departing from its spint or essential charac- *> ^ oy 

teristics. The described embodiments are to be considered m u Amemo d as denned in claim 1, wherein the auxiliary 

all respects as illustrative only and not restnctove. The scope ^^—j^ organic polymer has a concentration in a 

of the invention is, therefore, mdicated by the ^^ed £ tQ ^ 50% by weig ht of total 
claims rather than by the ^^J^^ n m ^^ f 35 3 in the starch-based mixture, 

which come within the meaning and range of equivaJency oi ^ ^ memod ^ ^fined in claim 1, wherein the auxiliary 

the claims are to be embraced within their scope_ water-dispersible organic polymer has a concentration in a 

What is claimed and desired to be secured by United ^ *j % t ^ ut 30% by wei ght of total 

States Letters Patent is: m m the starch-based mixture. 

1. A method for manufacturing a starch-bound sheet ^ 13. A method as defined in claim 1, wherein the auxiliary 

comprising the steps of: water-dispersible organic polymer has a concentration in a 

(a) providing a starch-based mixture including water, ^ fa)m abom 1% to aboul 10% by weight of total soUds 
initially ungelatinized starch granules, and an auxiliary ^ ^ sUrcfa ^ aS ed mixture. 

water-dispersible organic polymer that is capable of 14 A melhod ^ defined in claim 1, wherein the auxiliary 

reducing adhesion between the starch-based mixture ^ water _dispersible organic polymer comprises a cellulose- 

and heated forming rollers upon gelatimzation of the bascd material 

starch granules; 15. a method as defined in claim 14, wherein the 

(b) forming the starch-based mixture into an initial green cellulose-based material comprises a cellulosic ether, 
sheet by passing the mixture between at least one set of ^ A method as defined in claim 15, wherein the cellu- 
heated forming rollers having a temperature such that a 5Q losic et her is selected from the group consisting of 
portion of the aumy water-dispersible organic polymer me thylhydroxyethylcellulose, 

forms a layer of reduced adhesion on the outer surfaces hydroxymethylethylcellulose, carboxymethylcellulose, 

of me initial green sheet in order to prevent substantial m ethylcellulose, ethylcellulose, hydroxyethylcellulose, 

adhesion of the starch-based mixture to the forming hydroxyethylpropylceUulose, hydroxypropylcellulose, and 

rollers upon gelatinization of the starch granules; 55 mixtures or derivatives thereof. 

(c) heatmgmemitialgreens 17. A method as defined in claim 14, wherein the 
of the starch eranules to become gelatinized in order to cellulose-based material comprises a cellulose ester, 
form an intermediate green sheet; and 18. A method as defined in claim 17, wherein the ce liUose 

^Stoacasingtemperaturcs from one set of roUers to a water-chspetsible orgamc polymer composes a polysaccna 
next £t of rollers, ride material. 
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water-dispersible organic polymer composes a protem- ^^f ^d^dt&^i in claim 1, wherein the fibers 

protTes, collagen casein, grafted proteins, and mixtures to* an ^ff ^Tdff vSLo the starch- 

water-dispersible organic polymer composes a synthetic JO. ^^,7^ ieater than about 10 kPa. 
^m&definedmclaim^wheremmesynthetic 41 A method as defined ~*^*fe*Z£± 
«£* polymer is selected from the W-gdjrf ^« •gTpSSST.SLS P^S 

P ;!«%o^y|y3^ , SfeSSWBStt 

polyacrylic adds, polyacrylic acid SSLSSof the auxiliary water-dispersible organic poly- 

polymers, polylactic acid, water-dispersible latexes, 7 

polyalkoxyalkyl-memacrylates polyvinylmethyl ether, ^ A mcthod „ defined m c laim l, wherein the water has 

polyvinylmethylethenmaleic anhydnde, polyether polyols, & ^ ncentrat i on m a range from about 5% to about 80% by 

and mixtures and derivatives thereof. . . weight of the starch-based mixture. 

25. A method as defined in claim 23, wherein the synthetic 43 a me thod as defined in claim 1, wherein the water has 

organic polymer is selected from the group consisting of a concentration in a range from about 10% to about 70% by 

polyethylene oxide)akylphenyl ethers, polyethylene ^ignt 0 f the starch-based mixture, 

oxidelauryi, cetyl ethers, oleyl ethers, polyethylene oxide 44 A me thod as defined in claim 1, wherein the water has 

laurate, poly (ethylene oxide) oleate, sorbitan oleate, ethyl- 30 a concentration in a range from about 20% to about 50% by 

ene oxide/propylene oxide block copolymers, organic phos- weight of the starch-based mixture, 

phate esters, and mixtures and derivatives thereof. 45. a method as defined in claim 1, wherein the starcn- 

26 A method as defined in claim 23, wherein the synthetic based mixture further includes a plasticizer. . 

oreanic polymer is selected from the group consisting of 46. A sheet as defined in claim 45, wherein the plasticizer 
noWthylene glycol methyl ether, polyproplyene glycol 35 selected from the group consisting of polyethylene gly col, 

SSSfOm! polydiproplyene glycol methyl ether, polypropylene glycol, glycerin, sorbitol, 

N-propyletber, polyglycoldiether, and mixtures or deriva- « m M fa ^ 4?> ^ the plasti . 

hV S method as defined in claim 1 wherein the auxiliary cizer is selected from the group consisting of polyethylene 

derivative. . . , 

, . r . . . substantially hardened sheet. 

"iJtSSS^fined in claim 29, wherein the inor- 51. A method as defined in claim 50^ wherein the at kast 
g ™ c m?tfZ?™£Z in a range from about 10% «-j^*? fc 2Sh S£ SSTSSti 
m about 80% by weight of total solids in the starch^ased ^ ^lefs^^^^^ 

"TX method as defined in claim 29, wherein the inor- fibrous sheets, mats, paper M,-^ 
lu duuui 7 6 binations of the foregoing. 

Ta method as defined in claim 29, wherein the inor- • 52 A method as defined ^^w^m ^at kast 
■tame filler has a concentration in a range from about 30% one additional sheet, is laminated to toe substantia^ hard 

"Sa metho d as defined in claim 1, wherein the starch- thermal laminating, and pressure la^Ung. 

desired article. 



mixture. 
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54. A method as defined in claim 53, wherein the article 
comprises a container. 

55. A method as defined in claim 1, further including the 
step of winding the substantially hardened sheet onto a 
spool. 

56. A method as defined in claim 1, further including the 
step of cutting the substantially hardened sheet into smaller 
sheet segments. 

57. A method as defined in claim 1, further including the 
step of heating the substantially hardened sheet in order to 
thermofpnn it into a desired shape. 

58. A method as defined in claim 1, further including the 
step of remoistening the substantially hardened sheet. 

59. A method as defined in claim 1, wherein the starch- 
based mixture further includes a cross-linking admixture. 

60. A method as defined in claim 1, further including the 
process of incorporating interstitial voids throughout the 
binding matrix of the substantially hardened sheet. 

61. A method as defined in claim 1, wherein step (b) 
further includes extruding the starch-based mixture through 
a die prior to passing the mixture between the heated 
forming rollers. 

62. A method as defined in claim 1, wherein the initially 
ungelatinized starch granules comprise two or more different 
starches having varying gelation temperatures. 

63. A method as defined in claim 1, further including the 
process of compacting the substantially hardened sheet by 
passing the sheet between at least one pair of compaction 
rollers. 

64. A method as defined in claim 1, further including the 
step of passing the substantially hardened sheet between at 
least one pair of calendering rollers. 

65. A method as defined in claim 1, wherein steps (b) 
through (d) occur substantially simultaneously. 

66. A method for manufacturing a starch-bound sheet 
comprising the steps of: 

(a) mixing together water, initially ungelatinized starch 
granules having a gelation temperature, and an auxil- 
iary water-dipsersible organic polymer having a ther- 
mal precipitation temperature to form a starch-based 
mixture having a yield stress greater than about 200 Pa; 

(b) forming the starch-based mixture into an initial green 
sheet by passing the mixture between at least one set of 
heated forming rollers having a temperature at or above 
the thermal precipitation temperature of the auxiliary 
water-dipsersible organic polymer such that a portion 
of the auxiliary water-dipsersible organic polymer 
forms a layer of reduced adhesion on the outer surfaces 
of the initial green sheet in order to prevent substantial 
adhesion of the starch-based mixture to the forming 
rollers upon gelatinization of the starch granules; 

(c) passing the initial green sheet between at least one set 
of rollers having a temperature greater than the gelation 
temperature of the starch granules such that at least a 
portion of the starch granules become substantially 
gelatinized in order to form an intermediate green 
sheet; and 

(d) contacting the intermediate green sheet with a heated 
drying roller in order to remove a substantial portion of 
the water from the intermediate green sheet by evapo- 
ration so as to form a sheet having a binding matrix 
including substantially dried starch and auxiliary water- 
dispersible organic polymer. 

67. A method as defined in claim 66, wherein steps (b) and 
(c) occur substantially simultaneously. 
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68. A method for manufacturing a starch-bound sheet 
comprising the steps of: 

(a) mixing together water, substantially ungelatinized 
starch granules having a gelation temperature, an aux- 
iliary water-dispersible organic polymer having a ther- 
mal precipitation temperature, fibers, and an inorganic 
filler to form a starch-based mixture having a yield 
stress greater than about 200 Pa and an inorganic filler 
concentration greater than about 10% by weight of total 
solids in the mixture; 

(b) forming the starch-based mixture into an initial green 
sheet by passing the mixture between at least one set of 
heated forming rollers having a temperature at or above 
the thermal precipitation temperature of the auxiliary 
water-dipsersible organic polymer such that a portion 
of the auxiliary water-dipsersible organic polymer ther- 
mally precipitates on the outer surfaces of the initial 
green sheet in order to prevent substantial adhesion of 
the starch-based mixture to the forming rollers upon 
gelatinization of the starch granules; 

(c) passing the initial green sheet between at least one set 
of rollers having a temperature greater than the gelation 
temperature of the starch granules such that at least a 
portion of the starch granules become substantially 
gelatinized in order to form an intermediate green 
sheet; and 

(d) contacting the intermediate green sheet with a heated 
drying roller in order to remove a substantial portion of 
the water from the intermediate green sheet by evapo- 
ration so as to form a substantially hardened sheet 
having a binding matrix including substantially dried 
starch and auxiliary water-dispersible organic polymer. 

69. A method as defined in claim 68, wherein steps (b) and 
(c) occur substantially simultaneously. 

70. A method for manufacturing a starch-bound sheet 
comprising the steps of: 

(a) mixing together water, initially ungehtinized starch 
granules, an auxiliary water-dipsersible organic 
polymer, a fibrous material, and an inorganic aggregate 
filler to form a starch-based mixture; and 

(b) forming the starch-based mixture into the starch- 
bound sheet by passing the mixture between at least 
one set of heated forming rollers having a temperature 
such that a portion of the an auxiliary water-dipsersible 
organic polymer forms a layer of reduced adhesion on 
the outer surfaces of the sheet upon gelatinization of the 
starch granules, in order to substantially gelatinize at 
least a portion of the starch granules, and in order 
remove a substantial portion of the water from the sheet 
by evaporation so as to form the starch-bound sheet 
having a binding matrix including substantially dried 
starch and auxiliary water-dipsersible organic polymer. 

71. A method as defined in claim 70, wherein the sheet has 
a thickness less than about 3 mm. 

72. A method as defined in claim 70, wherein the sheet has 
a thickness less than about 1 mm. 

73. A method as defined in claim 70, wherein the sheet 
comprises a film having a thickness less than about 0.1 mm. 

74. A method as defined in claim 70, wherein the sheet has 
a density greater than about 1 g/cm 3 . 

75. A method as defined in claim 70, wherein the inor- 
ganic mineral filler has a particle packing density in a range 
from about 0.65 to about 0.90. 



